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(57) ABSTRACT

An overlay target on a substrate includes two sets of gratings;
the first set having a pitch P1 and the second set having a pitch
P2 and each set including a grating with an orientation sub-
stantially perpendicular to the first grating of each set. When
a layer of resist 1s to be aligned with the layer below it, the
same overlay marks are provided on the upper layer and the
relative positions of the overlay targets on the upper layer and
the lower layer are compared by shining an overlay beam on
to the overlay targets and measuring the diffraction spectrum
of the reflected beam. Having two sets of overlay targets with
different pitches in gratings enables the measurement of over-
lay errors that are greater than the pitch of either one of the
overlay gratings.

15 Claims, 4 Drawing Sheets
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METHOD AND APPARATUS FOR
ANGULAR-RESOLVED SPECTROSCOPIC
LITHOGRAPHY CHARACTERIZATION

BACKGROUND OF THE INVENTION 5

1. Field of the Invention

The present invention relates to methods of inspection
usable, for example, 1n the manufacture of devices by litho-
graphic techniques and to methods of manufacturing devices 1°
using lithographic techniques.

2. Description of the Related Art

A Iithographic apparatus 1s a machine that applies a desired
pattern onto a substrate, usually onto a target portion of the
substrate. A lithographic apparatus can be used, for example,
in the manufacture of integrated circuits (ICs). In that
instance, a patterning device, which is alternatively referred
to as a mask or a reticle, may be used to generate a circuit
pattern to be formed on an individual layer of the IC. This
pattern can be transierred onto a target portion (e.g. compris-
ing part of, one, or several dies) on a substrate (e.g. a silicon
waler). Transter of the pattern 1s typically via imaging onto a
layer of radiation-sensitive material (resist) provided on the
substrate. In general, a single substrate will contain a network
ol adjacent target portions that are successively patterned.
Known lithographic apparatus include steppers, in which
cach target portion 1s 1irradiated by exposing an entire pattern
onto the target portion at one time, and scanners, in which
cach target portion 1s wrradiated by scanning the pattern
through a radiation beam 1n a given direction (the “scanning’™
direction) while synchronously scanning the substrate paral-
lel or anti-parallel to this direction. It 1s also possible to
transier the pattern from the patterning device to the substrate
by imprinting the pattern onto the substrate.

In order to determine features of the substrate, such as its
alignment relative to previous exposures, a beam 1s retlected
off the surface of the substrate, for example at an overlay
target, and an 1mage 1s created on a camera of the reflected
beam. By comparing the properties ot the beam betore and ,,
after 1t has been reflected oif the substrate, the properties of
the substrate can be determined. This can be done, for
example, by comparing the reflected beam with data stored 1n
a library of known measurements associated with known
substrate properties. 45

A property of a substrate that 1s monitored is the alignment
of the substrate before 1t 1s exposed. A substrate will undergo
several iterations of being covered in resist, exposed and
processed to remove the unexposed resist. Each time a new
layer of resist 1s applied to the substrate in preparation for sg
exposure, the substrate must be aligned properly so that the
new layer of resist 1s exposed 1n the same places as the
previous layer of resist, to ensure that the resulting pattern 1s
as sharp as possible. The method of ensuring the alignment
must be precise, but to ensure throughput of the substrates 1s 55
not compromised, the overlay method must also be quick.

15

20

25

30

35

The state of the art describes the use of overlay markers on
the surface of the substrate. Each time a layer of resist 1s
applied, an overlay marker 1s exposed, etched or otherwise
created on the layer of resist and this overlay marker 1s com- 60
pared with the marker on the substrate surface (or on the layer
below 1t if the previous layer of resist has not been removed at
that point). The overlay marker will often take the shape of a
grating. The overlap of one grating on another 1s detectable
using an overlay radiation beam by measuring the diffraction 65
pattern of the beam as 1t 1s reflected from the surface of the
superposed overlay markers.

2

However, these sorts of overlay markers detect only the
relative position of one bar of a grating (i.e. the width of the
pitch of the grating) with respect to the position of the bar
underneath 1t. If the gratings are misaligned by more than the
width of a grating pitch, there 1s no way, from the diffraction
pattern, to determine this. In other words, misalignment
below a certain threshold (the width of the grating pitch) can
be measured, but errors over this threshold may be easily
missed. Of course, large errors 1n alignment cause large errors
in the exposed pattern and the substrates with these mis-
exposures will often need to be discarded or completely
stripped and redone.

SUMMARY OF THE INVENTION

It 1s desirable to provide an overlay system that 1s capable
of recognizing large overlay errors, particularly overlay
errors that are larger than the pitch of the overlay marker
grating.

According to an embodiment of the invention, there 1s
provided a substrate comprising an overlay target, the overlay
target comprising two or more superposed layers; each layer
containing like overlay targets, the overlay target in each layer
comprising two or more gratings, the gratings having a dii-
terent pitch from each other.

According to another embodiment of the invention, there 1s
provided a substrate comprising an overlay target, wherein
the overlay target comprises two superposed layers, each
layer containing two gratings set in perpendicular axes of the
substrate, each grating comprising an array oi rectangular
structures, the arrays of rectangular structures having a first
pitch 1n a first direction and a second pitch 1n the perpendicu-
lar direction.

According to another embodiment of the invention, there 1s
provided an inspection apparatus configured to measure a
property of the substrate, comprising: an exposure tool for
exposing an overlay target on the substrate; a light source for
illuminating an overlay target on a substrate; and a detector
for detecting the difiraction spectrum of the light reflected
from the overlay target of the substrate, wherein the overlay
target comprises two or more superposed layers, each layer
containing two or more gratings, the orientation of the grat-
ings being perpendicular to each other and having different
pitches from each other.

According to another aspect of the invention, there 1s pro-
vided an mspection method comprising: applying a first grat-
ing on a substrate, the first grating having a first pitch; apply-
ing a second grating on the substrate, the second grating
having an orientation perpendicular to the first grating and a
pitch different from the pitch of the first grating; applying a
layer of resist onto the substrate; applying, to the resist layer,
a first and a second grating similar to the first and second
gratings ol the substrate such that each grating on the sub-
strate has a second grating superposed onto it; 1lluminating
the superposed gratings with an overlay radiation beam; mea-
suring the diflraction spectra of light reflected from the super-
posed gratings; and comparing the measured diffraction spec-
tra from each perpendicular superposed grating pair with
cach other and with model data to determine the extent of
overlay of superposed gratings.

According to another embodiment of the invention, there 1s
provided an ispection method comprising: applying a first
grating on a substrate, the grating comprising an array of
rectangular structures with a first pitch 1n a first direction and
a second pitch 1n a perpendicular direction; applying a second
grating on the substrate, the second grating comprising an
array of rectangular structures orientated perpendicularly
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with respect to the first grating, the array of rectangular struc-
tures having the second pitch 1n the first direction and the first
pitch 1n the perpendicular direction; applying a layer of resist
onto the substrate; applying, to the resist layer, a first and a
second grating similar to the first and second gratings of the
substrate such that each grating on the substrate has a second
grating superposed onto it; illuminating the superposed grat-
ings with an overlay radiation beam; measuring the difirac-
tion spectra of light reflected from the superposed gratings;
and comparing the measured diffraction spectra from each
perpendicular superposed grating pair with each other and
with model data to determine the extent of overlay of super-
posed gratings.

According to yet another embodiment of the mvention,
there 1s provided a lithographic apparatus configured to mea-
sure a property of a substrate, comprising: an exposure tool
for exposing an overlay target on the substrate, the overlay
target comprising two or more superposed layers, each layer
containing two or more gratings, the gratings having a differ-
ent pitch from each other; a radiation source for supplying an
overlay beam to illuminate the overlay target; and a detector
for detecting the diffraction spectrum of the overlay beam
reflected from the overlay target.

According to yet a further embodiment of the mvention,
there 1s provided a lithographic cell configured to measure a
property ol a substrate, comprising an exposure tool for
exposing an overlay target on the substrate, the overlay target
comprising two superposed layers, each layer containing two
or more gratings, the gratings having a different pitch from
cach other; a radiation source for supplying an overlay beam
to 1lluminate the overlay target; and a detector for detecting
the diffraction spectrum of the overlay beam retlected from
the overlay target.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the imnvention will now be described, by
way ol example only, with reference to the accompanying,
schematic drawings in which corresponding reference sym-
bols imndicate corresponding parts, and in which

FIG. 1a depicts a lithographic apparatus according to an
embodiment of the present invention;

FI1G. 15 depicts a lithographic cell or cluster according to
an embodiment of the present invention;

FIG. 2 depicts overlay markers according to a first embodi-
ment of the invention;

FIG. 3 depicts overlay markers according to a second
embodiment of the invention; and

FIG. 4 depicts an example of the overlay markers accord-
ing to the second embodiment 1n use.

DETAILED DESCRIPTION

FIG. 1a schematically depicts a lithographic apparatus.
The apparatus comprises an 1llumination system (1llumina-
tor) IL configured to condition a radiation beam B (e.g. UV
radiation or EUV radiation). A support (€.g. a mask table) MT
1s configured to support a patterning device (e.g. amask) MA
and 1s connected to a first positioner PM configured to accu-
rately position the patterning device in accordance with cer-
tain parameters. A substrate table (e.g. a waler table) WT
configured to hold a substrate (e.g. a resist-coated waler) W
and connected to a second positioner PW configured to accu-
rately position the substrate 1 accordance with certain
parameters. A projection system (e.g. a refractive projection
lens system) PL configured to project a pattern imparted to the
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4

radiation beam B by patterning device MA onto a target
portion C (e.g. comprising one or more dies) of the substrate
W.

The 1llumination system may include various types of opti-
cal components, such as refractive, reflective, magnetic, elec-
tromagnetic, electrostatic or other types of optical compo-
nents, or any combination thereof, to direct, shape, and/or
control radiation.

The support supports, e.g. bears the weight of, the pattern-
ing device. It holds the patterning device 1n a manner that
depends on the orientation of the patterning device, the design
ol the lithographic apparatus, and other conditions, such as
for example whether or not the patterning device 1s held in a
vacuum environment. The support can use mechanical,
vacuum, ¢lectrostatic or other clamping techniques to hold
the patterning device. The support may be a frame or a table,
for example, which may be fixed or movable as required. The
support may ensure that the patterning device 1s at a desired
position, for example with respect to the projection system.
Any use of the terms “reticle” or “mask”™ herein may be
considered synonymous with the more general term “pattern-
ing device.”

The term “‘patterning device” used herein should be
broadly interpreted as referring to any device that can be used
to impart a radiation beam with a pattern in 1ts cross-section
such as to create a pattern 1n a target portion of the substrate.
It should be noted that the pattern imparted to the radiation
beam may not exactly correspond to the desired pattern in the
target portion of the substrate, for example if the pattern
includes phase-shifting features or so called assist features.
Generally, the pattern imparted to the radiation beam will
correspond to a particular functional layer in a device being
created 1n the target portion, such as an integrated circuit.

The patterning device may be transmissive or reflective.
Examples of patterming devices include masks, program-
mable mirror arrays, and programmable LCD panels. Masks
are well known in lithography, and include mask types such as
binary, alternating phase-shift, and attenuated phase-shift, as
well as various hybrid mask types. An example of a program-
mable mirror array employs a matrix arrangement of small
mirrors, each of which can be individually tilted so as to
reflect an incoming radiation beam in different directions.
The tilted mirrors 1impart a pattern 1n a radiation beam, which
1s retlected by the mirror matrix.

The term “projection system” used herein should be
broadly interpreted as encompassing any type of projection
system, including refractive, retlective, catadioptric, mag-
netic, electromagnetic and electrostatic optical systems, or
any combination thereof, as appropriate for the exposure
radiation being used, or for other factors such as the use of an
immersion liquid or the use of a vacuum. Any use of the term
“projection lens” herein may be considered as synonymous
with the more general term “projection system”.

As here depicted, the apparatus 1s of a transmissive type
(e.g. employing a transmissive mask). Alternatively, the appa-
ratus may be of a reflective type (e.g. employing a program-
mable mirror array of a type as referred to above, or employ-
ing a reflective mask).

The lithographic apparatus may be of a type having two
(dual stage) or more substrate tables (and/or two or more
mask tables). In such “multiple stage” machines the addi-
tional tables may be used 1n parallel, or preparatory steps may
be carried out on one or more tables while one or more other
tables are being used for exposure.

The lithographic apparatus may also be of a type wherein at
least a portion of the substrate may be covered by a liquid
having a relatively high refractive index, e.g. water, so as to
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{11l a space between the projection system and the substrate.
An immersion liquid may also be applied to other spaces in
the lithographic apparatus, for example, between the mask
and the projection system. Immersion techniques are well
known 1n the art for increasing the numerical aperture of
projection systems. The term “immersion” as used herein
does not mean that a structure, such as a substrate, must be
submerged in liquid, but rather only means that liqud 1s
located between the projection system and the substrate dur-
Ing exposure.

Referring to FIG. 1a, the illuminator IL recerves radiation
from a radiation source SO. The source and the lithographic
apparatus may be separate entities, for example when the
source 1s an excimer laser. In such cases, the source 1s not
considered to form part of the lithographic apparatus and the
radiation beam 1s passed from the source SO to the i1llumina-
tor IL with the aid of a beam delivery system BD comprising,
for example, suitable directing mirrors and/or a beam
expander. In other cases the source may be an integral part of
the lithographic apparatus, for example when the source is a
mercury lamp. The source SO and the 1lluminator IL, together
with the beam delivery system BD 1if required, may be
referred to as a radiation system.

The illuminator IL. may comprise an adjuster AD to adjust
the angular intensity distribution of the radiation beam. Gen-
crally, at least the outer and/or 1nner radial extent (commonly
referred to as a-outer and a-inner, respectively) of the inten-
sity distribution in a pupil plane of the i1lluminator can be
adjusted. In addition, the illuminator IL. may comprise vari-
ous other components, such as an integrator IN and a con-
denser CO. The i1lluminator may be used to condition the
radiation beam, to have a desired uniformity and intensity
distribution 1n 1ts cross-section.

The radiation beam B 1s incident on the patterning device
(e.g., mask MA), which 1s held on the support (e.g., mask
table MT), and 1s patterned by the patterning device. Having
traversed the mask MA, the radiation beam B passes through
the projection system PL, which focuses the beam onto a
target portion C of the substrate W. With the aid of the second
positioner PW and position sensor IF (e.g. an interferometric
device, linear encoder or capacitive sensor), the substrate
table WT can be moved accurately, e.g. so as to position
different target portions C in the path of the radiation beam B.
Similarly, the first positioner PM and another position sensor
(which 1s not explicitly depicted in FIG. 1a) can be used to
accurately position the mask MA with respect to the path of
the radiation beam B, ¢.g. after mechanical retrieval from a
mask library, or during a scan. In general, movement of the
mask table M'T may be realized with the aid of a long-stroke
module (coarse positioning) and a short-stroke module (fine
positioning ), which form part of the first positioner PM. Simi-
larly, movement of the substrate table WT may be realized
using a long-stroke module and a short-stroke module, which
form part of the second positioner PW. In the case of a stepper
(as opposed to a scanner) the mask table MT may be con-
nected to a short-stroke actuator only, or may be fixed. Mask
MA and substrate W may be aligned using mask overlay
marks M1, M2 and substrate overlay marks P1, P2. Although
the substrate overlay marks as illustrated occupy dedicated
target portions, they may be located 1n spaces between target
portions (these are known as scribe-lane overlay marks).
Similarly, 1n situations in which more than one die 1s provided
on the mask MA, the mask overlay marks may be located
between the dies.
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The depicted apparatus could be used 1n at least one of the
following modes:

1. In step mode, the mask table MT and the substrate table
WT are kept essentially stationary, while an entire pattern
imparted to the radiation beam 1s projected onto a target
portion C at one time (1.e. a single static exposure). The
substrate table WT 1s then shufted 1n the X and/orY direction
so that a different target portion C can be exposed. In step
mode, the maximum size of the exposure field limits the size
of the target portion C 1maged 1n a single static exposure.

2. In scan mode, the mask table M'T and the substrate table
WT are scanned synchronously while a pattern imparted to
the radiation beam 1s projected onto a target portion C (1.e. a
single dynamic exposure). The velocity and direction of the
substrate table WT relative to the mask table MT may be
determined by the (de-)magnification and image reversal
characteristics of the projection system PS. In scan mode, the
maximum size ol the exposure field limits the width (in the
non-scanning direction) of the target portion 1n a single
dynamic exposure, whereas the length of the scanning motion
determines the height (1n the scanning direction) of the target
portion.

3. In another mode, the mask table MT 1s kept essentially
stationary holding a programmable patterning device, and the
substrate table WT 1s moved or scanned while a pattern
imparted to the radiation beam 1s projected onto a target
portion C. In this mode, generally a pulsed radiation source 1s
employed and the programmable patterning device 1s updated
as required after each movement of the substrate table WT or
in between successive radiation pulses during a scan. This
mode of operation can be readily applied to maskless lithog-
raphy that utilizes programmable patterning device, such as a
programmable mirror array of a type as referred to above.

Combinations and/or varniations on the above described
modes of use or entirely different modes of use may also be
employed.

As shown 1n FIG. 15, the lithographic apparatus LA forms
part of a lithographic cell LC, also sometimes referred to a
lithocell (lithographic cell) or cluster, which also includes
apparatus to perform pre- and post-exposure processes on a
substrate. Conventionally these include spin coaters SC to
depositresistlayers, developers DE to develop exposed resist,
chull plates CH and bake plates BK. A substrate handler, or
robot, RO picks up substrates from mput/output ports 1/01,
I/02, moves them between the different process apparatus
and delivers then to the loading bay LB of the lithographic
apparatus. These devices, which are often collectively
referred to as the track, are under the control of a track control
unit TCU which 1s itself controlled by the supervisory control
system SCS, which also controls the lithographic apparatus.
Thus, the different apparatus can be operated to maximize
throughput and processing efliciency.

As discussed above, each time a substrate undergoes an
exposure process, 1t 1s desirable that the substrate 1s 1 the
same orientation with respect to the exposure device as for
previous exposures. This 1s so that the exposed patterns are in
alignment 1n each resist layer. Errors 1n alignment cause
errors 1n the exposed pattern on the substrate, causing the
substrate to be less useful. The relative alignment of the
substrate 1s therefore detected (by measuring the overlay of
subsequent layers on the substrate) and any errors calculated
and compensated for by the exposure apparatus or by the
post-exposure processes, where possible.

An 1nspection apparatus separate from the lithographic
apparatus (the latter containing the exposure apparatus) 1s
used to determine the properties of the substrates, and in
particular, how the properties of substrates vary from layer to
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layer and from substrate to substrate. The imnspection appara-
tus 1s thereby also used to determine how properties of sub-
strates vary 1Irom lithography machine to Ilithography
machine and 1s therefore useful in determining how each
lithography machine should be calibrated 1n order to produce
a consistent product even with a series of apparatuses.

As mentioned above, the diffraction spectrum of super-
posed gratings in the scribe lane of a substrate has been used
to determine the misalignment of the substrate. The scribe
lane of a substrate 1s the area on the substrate surface that is
not used for exposing the pattern and may be the lanes which
will eventually be cut (e.g. by a saw) 1n order to separate
individual integrated circuits.

The way the overlay markers in the form of gratings work
1s that when an overlay beam 1s directed on to a grating that 1s
either in line with the grating below 1t or not superposed on
another grating at all, a specific diffraction spectrum 1s cre-
ated in the overlay beam being reflected oif the grating. How-
ever, misalignment of the gratings causes a slight shift in the
diffraction spectrum which can be seen over various difirac-
tion orders. The larger the misalignment, the larger the
change 1n the diffraction spectrum. The problem with the
prior art lies 1n the fact that if a grating that 1s superposed on
a first grating 1s misaligned by exactly the pitch of the grating,
the diffraction spectrum will only show that the bars of the
grating are aligned.

In order to be able to measure misalignments of more than
the pitch of the grating, the present invention may comprise
an overlay mark as shown 1n FIGS. 2, 3 and 4.

FI1G. 2 shows a scribe lane SL containing an overlay target
comprising four gratings. Two of the gratings are oriented
perpendicularly to the two other gratings. The gratings in the
scribe lane 1n the v direction all have a pitch P1. The gratings
in the scribe lane 1n the x direction all have a pitch P2. The
perpendicular orientation of the different overlay gratings
allows for the measurement of errors in the x and y directions.
The way this 1s done 1s by superposing the same formation of
gratings on top of these gratings 1n the scribe lanes. If the
gratings are aligned, the diffraction spectrum indicates this. If
the gratings are misaligned by less than P1 or P2 (i.e. the pitch
of the gratings), the diffraction spectrum indicates this. If the
gratings are misaligned by exactly P1 (1.e. the pitch of the
gratings in the y-direction scribe lane), the diffraction spec-
trum from the gratings in the y-direction will show the same
as 11 the gratings are misaligned. However, the diffraction
spectrum from the gratings 1n the x-direction, because of the
difference in pitch, will create a diffraction spectrum with
evidence ol a misalignment. The combination of the two
diffraction spectra enables the mspection apparatus to deter-
mine by how much the gratings are misaligned; and by how
many multiples of P1, thanks to the extent of the misalign-
ment of P2.

For example, 11 P2 1s less than P1 by x1 and 11 the misalign-
ment of the superposed grating 1s by a distance P1, the mis-
alignment of the superposed grating in the x-direction will be
by a distance of x1. However, if the misalignment 1s by a
distance 2xP1, the misalignment of the superposed grating 1n
the x-direction will be 2x1, which will be shown by the
diffraction spectrum of the gratings in the x-direction.

It 1s possible to determine misalignment 1n this way 1n both
x and y directions with only two gratings 1n each of the x- and
y-direction scribe lanes; as long as there are perpendicular
gratings in each scribe lane direction. In the present embodi-
ment, the reason that there are two gratings rather than a
single grating in each perpendicular direction 1s that the grat-
ings have a small bias (or offset) +d1 in the y-direction and
+d2 1n the x-direction, as shown 1n FIG. 2. +d1 and —-d1 are
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intentional offsets of the gratings on top of the unknown
overlay error. They are used to gauge the dependency of the
overlay on the asymmetry of the gratings. This can be math-
ematically shown as:

For grating 1 with a bias —d and unknown overlay OV,

asymmetry A(-)=K(OV-d). (1)

For grating 2 with a bias +d and unknown overlay OV,

Asymmetry A(+)=K(OV+d); (2)
where K 1s a constant that depends on the process and target
characteristics. Using these two equations, the overlay (as
well as the constant K) can be determined. The magnitude of
d depends on the type of target used (e.g. the pitch and duty
cycle of the gratings) and the process being used (e.g. how the
different layers are processed).

The value of d 1s small (e.g. of the order of 10 nm) because
the relation of equation (1) above only holds for a limited area
near OV=0.

The TIS (systematic error of the sensor) 1s determined by
measuring the same grating a second time, rotated 180°. The
overlay will also be rotated with the grating but the TIS will
have the same magnitude and sign and can then be determined
and removed as an error.

As discussed above, because the gratings in the x-direction
scribe lane have a different periodicity from the gratings in the
y—direction scribe lane (although both gratings are orientated
in the same direction), a large overlay error (e.g. larger than
P1 or P2) can easily be detected by comparing the two dii-
fraction spectrum results 1n either the x-direction or the y-di-
rection.

Combinations of overlay measurements 1n both the x- and
y-orientated gratings in both the x- and y-scribe lanes give
rise to the ability to detect large and small overlay measure-
ments 1n directions other than x and y by vector combination.
Rotations of the substrate may also be measured 1n the same
way.

FIG. 3 shows an embodiment of the imnvention that takes
less scribe lane space. It 1s desirable to take up less scribe lane
space because there are many alignment, overlay, CD and
other targets, as well as all sorts of test structures, which also
require scribe lane space and so the economical use of scribe
lane space 1s desired.

Instead of the bar-gratings of FIG. 2, FIG. 3 shows a target
consisting of two-dimensional gratings that have a different
period in the direction of the scribe lane from that in the
direction perpendicular to the scribe lane. Each of the gratings
turthermore has a small bias (d1 and d2) in both the x and v
directions. Again, the bias 1s to eliminate the TIS error of the
sensor as discussed above.

Because the gratings 1n the x-direction scribe lane have a
different periodicity 1in the x-direction from the gratings in the
y-direction scribe lane 1n the same direction, a large overlay
error can easily be detected by comparing the two results 1n
the x-direction 1n the same way as described 1n relation to
FIG. 2, but 1n less scribe lane space.

The way the overlay measurement 1s carried out 1s shown in
FIG. 4. The second layer 2 1s printed on top of the first layer
1. As can be seen from FIG. 4, the second layer 2 has an
overlay error compared to the first layer 1 which 1s of the order
of the pitch P1 1n the y-direction of the overlay target gratings
in the y-direction scribe lane. There 1s also a slight shift in the
x-direction of the second layer 2 compared to the first layer 1,
which 1s smaller than the pitch P2. If the overlay targets 1n the
y-direction scribe lane were taken on their own, only a very
small overlay error would be determined from the diffraction




US 7,898,602 B2

9

spectrum recorded from this overlay target. However,
because of the overlay target gratings in the x-direction scribe
lane, because of the different pitch P2 in the y-direction, the
diffraction spectrum will show that the error 1s 1n fact larger
than measured using the P1 pitched gratings alone.

The diffraction spectra from the two directions of overlay
targets can be compared with each other and with library data
to determine what the overlay error 1s. A specific overlay
value will give a specific diffraction spectrum. The spectra are
therefore inspected and compared with spectra of known
overlay values to give the present overlay value. The differ-
ence 1n spectra of the two directions also gives a relative
overlay, and may be combined to give an indication of rota-
tional overlay errors as well as linear displacements 1n layers.

What 1s claimed 1s:

1. An inspection apparatus configured to measure a prop-
erty of a substrate, comprising:

an exposure tool configured to expose an overlay target on

the substrate;

a light source configured to 1lluminate the overlay target on

the substrate; and

a detector configured to detect a diffraction spectrum of the

light reflected from the overlay target on the substrate,
wherein the overlay target comprises at least two super-
posed layers, each layer containing a first grating dis-
posed on a first lane and having a first plurality of rect-
angular structures and a second grating disposed on a
second lane having a second plurality of rectangular
structures, the first grating having a different pitch than
the second grating, wherein all areas of intersection of
the first and second lanes are void of gratings, and
wherein the first and second gratings 1n each layer are
substantially completely superposed on top of one
another.

2. The mspection apparatus of claim 1, wherein each layer
of the overlay target comprises two sets of gratings, a first set
disposed on the first lane and comprising two gratings with a
perpendicular orientation to each other and a first grating
pitch and a second set disposed on the second lane comprising,
two gratings with a perpendicular orientation to each other
and a second grating pitch.

3. The inspection apparatus of claim 2, wherein each set of
gratings comprises four gratings, first and second gratings
having parallel orientations and third and fourth gratings
having an orientation perpendicular to the first and second
gratings and parallel to each other, wherein the first and third
gratings have a different oifset with respect to the second and
fourth offset.

4. The mspection apparatus of claim 3, wherein each of the
first, second, third, and fourth gratings has an oflset in a
different direction.

5. The mspection apparatus of claim 1, wherein each of the
first and second plurality of rectangular structures comprises
a plurality of bars with a defined width and separation.

6. An mspection method, comprising;

applying a first grating on a first lane on a first layer of a

substrate, the first grating having a first pitch and a first
plurality of rectangular structures;

applying a second grating on a second lane perpendicular

to the first lane on the first layer of the substrate, the
second grating having a different pitch than the first
grating and a second plurality of rectangular structures,
wherein all areas of itersection of the first and second
lane are void of gratings;

applying a layer of resist onto the first layer of the substrate;

applying, to the resist layer, a third and a fourth grating

substantially similar in structure and orientation to the
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first and second gratings, respectively, the third and
fourth gratings being substantially completely super-
posed on top of the first and second gratings;

illuminating the superposed gratings with an overlay radia-
tion beam;

measuring a diffraction spectra of light reflected from the
superposed gratings; and

comparing the measured difiraction spectra from each per-
pendicular superposed grating pair to each other and
with model data to determine an extent of overlay of the
superposed layers of gratings.

7. An mspection method, comprising:

applying a first grating along a y-direction of a {irst scribe
lane 1n a first layer of a substrate, the first grating com-
prising a first array of rectangular structures with a first
pitch 1n a first direction and a second pitch 1n a perpen-
dicular direction;

applying a second grating along an x-direction of a second
scribe lane perpendicular to the first scribe lane 1n the
first layer of the substrate, the second grating comprising

a second array of rectangular structures with a second
pitch 1n the first direction and the first pitch 1n the per-

pendicular direction, wherein all areas of intersection of
the first and second scribe lanes are void of gratings;

applying a layer of resist onto the first layer of the substrate;

applying, to the resist layer, a third and a fourth grating
substantially similar in structure and orientation to the
first and second gratings, respectively, the third and
fourth gratings being substantially completely super-
posed on top of the first and second gratings;

illuminating the superposed gratings with an overlay radia-
tion beam:;

measuring a diffraction spectra of light reflected from the
superposed gratings; and

comparing the measured difiraction spectra from each per-
pendicular superposed grating pair to each other and
with model data to determine an extent of overlay of the
superposed layers of gratings.

8. A lithographic apparatus configured to measure a prop-

erty of a substrate, comprising:

an exposure tool configured to expose an overlay target on
the substrate, the overlay target comprising a first grat-
ing with a first plurality of rectangular structures dis-
posed on a first lane and a second grating with a second
plurality of rectangular structures disposed on a second
lane perpendicular to the first lane, wherein all areas of
intersection of the first and second lanes are void of
gratings, wherein the first grating has a diflerent pitch
than the second grating, and wherein the first and second
gratings 1 each layer are substantially completely
superposed on top of one another;

a radiation source configured to supply an overlay beam to
illuminate the overlay target; and

a detector configured to detect a diffraction spectrum of the
overlay beam reflected from the overlay target.

9. The lithographic apparatus according to claim 8,
wherein each layer of the overlay target comprises two sets of
gratings, a first set comprising two gratings with perpendicu-
lar orientations and a first grating pitch and a second set
comprising two gratings with perpendicular orientations and
a second grating pitch.

10. The lithographic apparatus according to claim 9,
wherein each set of gratings comprises four gratings, first and
second gratings having parallel orientations and third and
fourth gratings having an orientation perpendicular to the first
and second gratings, but parallel to each other, wherein the
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first and third gratings have a different offset with respect to 14. The lithographic apparatus according to claim 13,
the second and fourth gratings. wherein the array of rectangular structures has a first pitch in

11. The lithographic apparatus according to claim 10, a first direction and a second pitch 1n a perpendicular direc-
wherein each grating has an ofiset 1n a different direction. tion.

12. The lithographic apparatus according to claim 8, 5 15. The lithographic apparatus according to claim 13,
wherein each of the first and second plurality of rectangular wherein each layer of the overlay target comprises two sets of
structures comprises a plurality of bars with a defined width arrays, each set comprising two arrays of rectangular struc-
and separation. tures, a {irst array 1n each set having an offset with respect to

13. The lithographic apparatus according to claim 8, the second array in each set.

wherein each of the first and second plurality of rectangular 10
structures comprises an array of rectangular structures. £k % k%
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